The inclusionof water supply and sanitation programs as a component of primary health care (PHC) has been questioned on the basis of calculations of the costs of these programs per infant death averted. In this paper the procedures used in these costefifectiveness calculations are examined and found to be wanting. The calculations are misleading since gross rather than net costs have been used, and the health impact of these programs underestimated. It is also shown that the methodology used is biased against water supply and sanitation and other programs with multiple outputs.
Introduction
At the Alma Ata Conference in 1978, the concept of primary health care (PHC) was defined and the concept endorsed by all participating countries as key to the attainment of "Health for All." The Alma Ata definition of PHC was comprehensive, including in particular:
"education concerning prevailing health problems and the methods for preventing and controlling them; promotion of food supply and proper nutrition; an adequate supply of safe water and basic sanitation; maternal and child health care, including family planning; immunization against the major infectious diseases, prevention and control of locally endemic diseases; appropriate treatment of common diseases and injuries; and provision of essential drugs".'
SPHC: A New Concept
Shortly after Alma Ata two biomedical scientists, Walsh and Warren, published a critique of this PHC concept and proposed an alternative "Selective Primary Health Care" (SPHC)^ concept which has received widespread and generally favorable attention in the scientific and development communities.
The reasoning behind the concept of SPHC is simple. Because of limitations on the resources available to developing countries for implementing all components of the original PHC program, it is necessary to examine each possible item in the overall program individually, determine what the costs of implementing that component are, and what the effectiveness of the component is in reaching any particular objective such as reducing infant mortality. The components are then ranked in terms of cost-eiFectiveness, and the Selective Primary Health Care program designed to include the most cost-effective items wil;hin the overall budgetary constraints pertaining in any particular circumstances.
The SPHC package emerging from the cost-eflfectiveness calculations is almost exclusively medical, e.g., measles and diphtheria-pertussis-tetanus vaccinations, treatment for febrile malaria, oral rehydration for diarrhea in children, and tetanus toxoid in mothers. Biomedical research for the development of vaccines and therapies for major tropical diseases is also considered cost-effective. More systemic non-medical activities in general, and community water supply and sanitation programs in particular, are rejected as being non-cost-effective.
Subsequently, the SPHC approach in general, and the downgrading of water supply and sanitation, in particular, seem to have been accepted implicitly by many development agencies.'••' Just three years after the proclamation of the International Drinking Water Supply and Sanitation Decade by the United Nations General Assembly, the Decade is being pronounced "dead" in some quarters. ' Since the implications of the SPHC approach for a sector as traditionally important as that of water supply and sanitation are so drastic, it is imperative that the SPHC analysis be reviewed thoroughly to ensure that the methodology and data used are sound. The purpose of this paper is to conduct such a review, focusing on the specific example of community water supplies. First, the details of the costeiFectiveness calculations concerning water are reviewed, then the basis for choosing the measures of effectiveness is examined, and finally the applicability of the SPHC methodology examined for programs which fulfill multiple objectives is assessed.
Cost of Water Supply, Sanitation Programs per Infant Death Averted
The data used in the SPHC calculations for the capital costs of water supply and sanitation programs are based on recent and widely verified World Bank data. Aside from noting that in certain circumstances (such as tubewells in rural Bangladesh,*' and ventilated improved pit latrines in Zimbabwe'), the per capita costs may be an order of magnitude lower, there is no basis for disagreement with the cost data used.
In cost-effectiveness calculations, however, it is the net rather that the gross cost which should be used. In the case of water supplies, this makes an enormous difference, since many poor people (particularly in urban areas) already pay substantial amounts of money for poor quality water supplies. A well documented but by no means unique case is that of Lima, Peru,'* the results of which are summarized on Table 1 . Table I shows that improvements in the quality of water supply service in urban areas may be associated not with an increase but a reduction in the monetary costs of the supply, a finding by no means unique to Lima. One of the most experienced water supply engineers in the world has found this phenomenon to be virtually universal in developing countries and has concluded that "if daily expenditures made to a water carrier were invested instead in a proper piped supply, far more economical and better water service could be provided." ' In terms of a cost-effectiveness analysis then, the net economic cost of such water supply improvements may be much smaller than the gross cost of the project, since much, or often all, of the costs can be covered by redirecting expenditures which are already being made by the population for an inferior water supply service. Since the Third World is urbanizing rapidly, since similar willingness-to-pay is often demonstrated by rural inhabitants,'" and since those urban dwellers (i.e., the poor) who pay high costs for poor water supplies are also those urban dwellers with the highest incidences of disease, this phenomenon is of major importance in terms of improving health through the investment of relatively few outside resources.
Turning to the effectiveness half of the cost-effectiveness calculations, an assessment of the likely impact of water supply and sanitation programs on health is far more problematic than the assessment of the effects of other components of PHC which operate more directly on the causes of disease. Thus while it is a relatively straightforward (although not trivial) task to calculate the effects of a tetanus or measles vaccine on death rates, a similar assessment of the effects of a water supply and sanitation program is fraught with methodological problems," and great caution should be exercised in interpreting the results of such studies.'Î n the SPHC analysis of the cost-effectiveness of community water supplies, only a small sample of the large number of available impact studies was examined and universal conclusions were drawn which are not supported by a more comprehensive and searching assessment of the literature. From the few studies used in the SPHC analysis, it was concluded that water supplied through public standpipes would effect only a very small reduction (about 5 per cent) in the incidence of diarrheal diseases. A recent, comprehensive review of the literature on the health effects of water supply and sanitation programs," however, reveals that the impact of these programs is typically an order of magnitude greater ( Table 2) .
It is evident then that the figures used for both the cost and the effectiveness parts of the cost-effectiveness calculations for water supply and sanitation programs are seriously in error.
Criteria Used for Assessing the Effectiveness of Heaith Programs
What are the Objectives and Who Decides on These?-Health is a multi-faceted concept. At the most elementary level it is possible to categorize by diagnosis and severity of effect (degree of disability and death), and by age group affected (infant, child, or adult). A fundamental difficulty in comparing different health programs is that typically different programs affect different facets of health. One program, for example, may affect infant mortality only, while another might affect infection, disease, disability, and mortality in all age groups.
Decision theory offers only some simple concepts in suggesting how to analyze trade-offs between programs which affect different facets of health in this way. With reference to Figure 1 , decision theory tells us only that, if outcome 1 and outcome 2 are both desirable, and if the costs of the programs represented on the diagram are equal, then program B is always preferable to program A and program C is always preferable to program A (a concept known as "Pareto optimality"). Decision theory tells us explicitly that, if we are unable to reduce outcome I and outcome 2 to a common measure (such as dollars), then the only way of resolving whether program B is preferable to program C is to submit the choice to decision makers and have them tell us which program is preferable. _^ OUTCOME t
lest desirable moredeslrable FIGURE 1-The Choice of Programs with Multiple Outcomes
It is immediately apparent then that in attempting to compare different health programs two questions are of fundamental importance, namely: what are the outcomes which will be considered?; and who will be the judges of the trade-otfs between these outcomes?
A first concern with the procedure followed in the SPHC calculations is the choice of criteria and the consistency in applying these to the components of PHC, For the most part, the SPHC approach considers reductions in infant mortality to be the unique criterion of interest, thus comparing, for example, the cost per infant death averted through water supply programs, immunization programs, and oral therapy programs. In the case of certain health programs, such as an onchocerciasis control program, however, the objective of the program is obviously not averting infant deaths and so, correctly, in the SPHC calculations the onchocerciasis program is not compared to other programs on the basis of the number of infant deaths averted.
The case of water supply and sanitation is rather more complex, for while infant death reduction is one outcome, it is by no means the only outcome. Just as it would be incorrect to compare an onchocerciasis program with an oral rehydration program on the basis of infant deaths averted, so the only consistent procedure would be to not use the criterion of "infant deaths averted" to compare a program with multiple impacts (such as a water program) with a program the sole purpose of which is to avert infant deaths (such as an oral rehydration therapy program). In the SPHC analysis, however, water supply and sanitation programs are compared with programs aimed specifically at reducing infant mortality and, not surprisingly, it is concluded that the programs which affect only infant mortality are more effective than programs which have multiple impacts. As Berman has pointed out in a review of the SPHC methodology, "cost-eifectiveness comparisons tend to undervalue interventions which provide important outcomes other than the one being considered" and are thus "particularly inappropriate where programs produce a broad mix of benefits."'"* Trade-offs between different outcomes cannot be considered in isolation from the decision as to who will make such trade-offs. Where different criteria of effectiveness are used, the ranking of alternative programs on a cost-effectiveness basis will generally differ. For example, in the case of cholera, whereas rehydration therapy has been shown to be less costly and more effective in saving lives than has immunization, if morbidity reduction becomes the objective, the results of a cost-effectiveness analysis would be reversed."
Rather than proposing an alternate set of objectives to those used in the SPHC approach, we suggest that it is more appropriate to follow the counsel of John Grant, who argued that primary health care and other development programs should follow "the principle of inherent need and interest," in which "projects in a village should grow out of its own needs and interests, and not be superimposed,"'" and argue that the trade-offs between the outputs of PHC programs be done in light of the expressed needs of the families involved. In assessing actual practices, however, attention has to be given to the fact that families, like villages, are not divisionfree entities; it is therefore necessary to go one step further and ask whose interests in the family should be given greater weight. In the following sections, we suggest that the group whose needs are most important in terms of the health of the community in general and young children in particular are mothers. The constraints faced by mothers in implementing health care programs are assessed, and the contributions of water supply programs to lifting these constraints are evaluated.
Women as the Front-Line Health Care Workers: Some Constraints
The core elements of PHC programs-such as breastfeeding, supplementary feeding, oral rehydration therapy, and household hygiene-involve the mother as the front-line health worker. Indeed, the objective of PHC programs may be described as the improvement of "mothering, the poorlydefined but crucial interactions between mother and child that form the principal determinants of health, growth and development,""
To carry out the complex and demanding task being set for her by PHC programs, the mother faces four principal constraints: technology, knowledge, resources, and time. One way of visualizing PHC programs is that these programs are aimed at relieving the mother of one or more of these constraints so that she may become a more effective mother.
The SPHC method focuses largely on the first of these four constraints, technology. While there is no doubt that technological advances, such as improved vaccination programs and oral rehydration therapy, open new vistas in terms of the potential for child health in developing countries, the provision of improved technology alone is insufficient, for usually the effective implementation of such technology requires simultaneous inputs of knowledge, resources, and time on the part of the mother.
A recent workshop on "Women in Poverty""* examined these and other constraints which limit the involvement of women in the development process. Studies in many developing countries showed that women work extremely hard (an average of 10-11 hours per day of active home and market production) and are often extremely poor (especially in female-headed households which constitute a large [15 per cent to 35 per cent] and growing proportion of total households).'" The workshop concluded that, for poor women in developing countries "saving time is development, for time saved from humdrum tasks is time to invest in human capital," and that priority should be given to "technologies that reduce the time women and children spend fetching wood and water and preparing food."'" This general finding on the severity of time constraints on mothers is particularly important in PHC, for many of the principal components of PHC are time-intensive activities. For instance:
• Breast-feeding-Studies throughout the world have shown that where women work outside of the home, they do not have the time available to breast-feed their babies, with the result that the inputs of knowledge and technology provided by the breast-feeding promotion programs cannot be translated into improved child-rearing practices."*
• Oral Rehydration Therapy-In the words of a definitive recent review of oral therapy, "continually giving a sick infant large volumes of liquid by spoon or cup is timeconsuming, tiring and inconvenient, (and) for an overburdened mother with other children plus household and farm work to do, ORT may require the commitment of more time and energy than she can easily provide."-"
• Clinic-based Supplementary Feeding and Other Programs-Studies throughout the developing world have shown that clinic attendance drops off dramatically as the distance to a clinic increases-' and that women in the labor force are frequently unable to avail themselves of clinicbased programs because of the constraints on their ti
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• Food Preparation and Storage-Recent longitudinal studies in Bangladesh-' and the Gambia-'' have documented the vital role of food contamination on the transmission of diarrheal diseases, an effect which becomes particularly marked when great demands are made on the time of the mother. In the Gambia, for instance, at the peak diarrheal transmission season, "feeding of small children is particularly haphazard . . . infants may be left in the compound in the care of young nursemaids with a supply of porridge or gruel for the next 8 or 9 hours, and food for the evening meal is sometimes stored overnight."-"
In sum, the great demands placed on the time of Third World mothers constitute a serious barrier to the implementation of PHC, with these constraints often being particularly acute at those tiines of the year when children have most need of additional health care^' and in low-income families where the incidence of illness is greatest.-"T ime Required for Water Coliection The impact of the installation of a convenient village water supply system on the time spent by women and children in carrying water has been documented throughout the world." To give just a few of many examples: in the lowlands of Lesotho, 30 per cent of families spend over 160 minutes per day collecting water-"; as a result of improved water supplies in the Zaina scheme in Kenya about 100 minutes per household per day are saved from the watercollecting activity^^; in East Africa rural families spend up to 264 minute per day carrying water^"; in East Nigeria families spend up to 300 minutes per day collecting water.-" Studies in Asia (e.g., the Philippines^^ and Thailand'") have also documented the substantial amount of time spent in collecting water in many areas.
Felt Needs of Low-income Women
It is clear, then, that a major constraint on poor women's "discretionary activities" (including child care) is the enormous demand made on their time for the performance of repetitive time-consuming tasks, and that in many rural communities the fetching and carrying of water is one of the most important of these tedious tasks. What do the lowincome women of the Third World have to say about this when they are asked about these trade-offs, when they are treated, as Halfdan Mahler would have, as subjects and not just as objects in the development process?
In looking for answers to this question it bears repeating that societies, in general, and societies in developing countries, in particular, are typically sharply divided along class and sex lines. It has been argued that particular attention should be paid to the concerns of poor women, yet determining the concerns of this largely disenfranchised group is not simple, for two main reasons. Eirst, the sexual division of labor is universal, with the time-consuming tasks performed by women seldom if ever being performed by men, and, second, "the decision-makers or leaders in the agencies and in the target communities are usually men and they communicate with other men and not with the women."" Thus, as has been documented for Kenya, '' the reduction in timeconsuming tasks like fetching and carrying water is a high priority need for rural women but is typically given low priority when the "village leaders" (men) are asked for their opinion.
Where surveys of community needs have taken account of such factors, throughout the developing world, water supply has ranked high on the list of expressed priorities.'"'Î n a recent review of the findings of surveys of low-income women in developing countries, water supply improvements were found to "rank right alongside the most basic human need (adequate food) in many (such) surveys."-''
Discussion
Returning to the simple decision model outlined earlier, it is apparent that the cost-effectiveness calculations of the SPHC approach are fundamentally flawed when dealing with community water supplies. If appropriate procedures were to be used for determining the net costs of improved supplies, if all available information on health impact was to be considered, if impacts other than just improvements in infant mortality were to be included, and if poor women themselves were to be asked to weigh the relative benefits, then it is apparent that community water supplies would be high priority items in those (large) areas of the developing world where access to adequate water supplies is restricted. Not surprisingly, in many countries in which PHC programs have been successfully implemented,"-^'' improvements in water supply and sanitation have been an integral part of development policy.
International Immunodeficiency-Cancer Registry Announcement
The international Immunodeficiency-Cancer Registry (ICR) at the University of Minnesota has requested professional journals to promote awareness of the registry in the medical community.
Established in 1973 and funded by the National Cancer Institute, ICR has experienced a lag in its full-time management due to funding difficulties. The registry reiterates its goals, which are to:
• serve as a clearinghouse for information and data on cases of cancer in naturally occurring immunodeficiency; • facilitate the flow of information between clinicians and other experts in the field; • serve as a resource of unique cancer cases and encourage research studies; and • contribute to the scientific literature through analysis of cases in the registry. The registry currently has more than 475 cases of cancer in several categories of naturallyoccurring immunodeficiency, and is soliciting additional cases of cancer and pre-malignant lesions in patients with prior evidence of immunodeficiency. Financial reimbursement is available for registration of new cases.
This registry is a resource available to individuals in the biomedical community interested in the etiology and treatment of malignancies in immunodeficient persons. Letters are welcomed and will be published, iffound suitable, as space permits. The editors reserve the right to edit and abridge letters, to publish replies, and to solicit responses from authors and others.
Letters should be submitted in duplicate, double-spaced (including references), and generally should not exceed 400 words.
Comment on Water Supply and Health in Developing Countries
Selective primary health care has endeavored to introduce a populationbased program providing a small number of effective interventions to prevent or treat some of the major causes of mortality. It does not offer either a "band-aid" or a comprehensive solution to the problem of poor public health, but provides a cost-effective, limited approach and an entry point. As more resources become available and as more effective interventions are developed, the initial selective primary health care projects can be expanded and modified. Initially, immunizations, oral rehydration therapy, and encouragement of breast-feeding must be included; depending on the important causes of disease and mortality in the area to be served, malaria chemotherapy, anti-schistosomal and anthelminthic targeted chemotherapy and other health intervention programs can be included.
In his paper, Dr. Briscoe refers to the high proportion of disposable income and time spent to obtain water in Peru. ' People who lack health care accord a very high priority to this commodity. For example, in Brazil, individuals spent from their own pockets more than two times the amount that the local government expended per person on hospitals, clinics, and institutions.2 In Narangwal, India, individual out-of-pocket expenses for health services were two to three times greater than the government expenditures per capita on health care.* In Colom-*Parker RL: Health expenditures in a rural Indian community. Presented at the National Conference on International Health, Washington, DC, June 13-15, 1983. bia, the poorest third of the population spends 25 per cent of their income on health care.** Water supplies may in some cases provide limited improvement in the general health of the population primarily as a result of declining diarrheal incidence by 20-50,3 but in almost onethird of the studies, the health effects are small and non-measurable.** Food is a major vehicle of diarrhea in many communities so that changes in water supply may have little effect on transmission. In other communities or countries such as Bangladesh in which many months of the year are spent in flood, improved water and sanitation may have little effect on the health of the population. 4 As Dr. Briscoe mentions, the major benefits from water supplies and delivery are a decrease in time for water drawing for the mother and a decrease in the household expenditure necessary for buying water; in addition, the increased water supply may have important developmental benefits resulting in increasing agriculture and live stock productivity.
The World Bank estimates that the construction of a rural community standpipe costs $20 to $26 per capita, and rural sanitation costs $4 to $5 per capita. In urban areas, the costs are $31 and $23, respectively. To this initial cost, annual maintenance must be added. 5, 6 A health planner, faced with the charge of improving health with the few resources available, may decide not to make capital investment in water supply and sanitation a top priority, but, along with health care, provide education for community building of sanitation facilities and protected water supplies in rural areas. Possibly, it would be more appropriate for the agricultural, or public works, or planning and development department, with collaboration from the health sector, to invest in an improved water supply and sanitation because all these sectors will benefit. **Yepes F: Secretary General for Health, Colombia (personal communication), 1984. Dr. Briscoe's Response Dr. Walsh's thoughtful comments address the three major concerns with the calculations of the cost-effectiveness of investments in water. supply and sanitation.
1) The Costs
The purpose of presenting data on the payments made for water in Lima, Peru was not (as interpreted by Dr. Walsh) to show that the proportion of disposable income spent on water in Lima is high. Rather, the data were presented to demonstrate that the cost of an improved service is less than the cost of the present unsatisfactory service, and that the served population is prepared to pay in full for the costs of the improved service. For example, the data (see Table 1 of our paper') show that, if a water supply program is undertaken to provide the unserved community with piped water through standpipes, then not only is the level of service greatly improved, but the monthly per capita payments made for water would be reduced from 105 soles per month to 22 soles per month. The revenue paid for the water service (22 soles per month per capita) would be sufficient to cover the costs of amortiz-ing the capital and of operating the system.:
The analogous question regarding health services is not (as addressed by Dr. Walsh) whether people pay a large amount for health services. Rather, there are two questions: 1) whether the cost of an improved service is less than the cost of the present service; and 2) whether the served population is prepared to pay for the costs of the improved service. With reference to the first question, the Narangwal data cited by Dr. Walshtt suggest that the total annual per capita health expenditures in villages with primary health care programs are greater than the total expenditures in villages without primary health care programs, but that the difference is less than the cost of the primary health care program. With reference to the second question, the evidence is sparse and conflicting. In Malaysia, the source of medical care chosen appears to be responsive to the relative prices of different services,2 while in the Philippines, visit prices appear to have no effect on whether services are used or on which practitioner is chosen.3 In any case, it is evident that at least a portion of the costs of improved health care services can be mobilized from resources presently spent on inferior health care services and that, as in the water supply case, the cost-effectiveness calculations should take account of this.
2) The Effectiveness With respect to the impact of water and sanitation projects on diarrheal disease, as noted in our paper' and as confirmed by Dr. Walsh, the typical impact is five to ten times greater than the 5 per cent assumed in the original Selective Primary Health Care calculations.4
3) The Use of the Cost-Effectiveness Method In our paper it was argued that this use of the cost-effectiveness method is inappropriate when, as in the case of water and sanitation programs, the investments produce a broad mix of benefits. It is thus gratifying to see thai Dr. Walsh of the considerations presented in the original Selective Primary Health Care paper, but that these decisions be made jointly by planners from all sectors (including health) which benefit from such investments.
